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Abstract

Traditional neuropsychological measures of executive functioning are difficult to employ in functional
imaging and clinical trial contexts and have tremendous practice effects. They also have poor
sensitivity and specificity, while test–retest reliability is often not assessed in computer-based tests.
The present study evaluates some psychometric properties of a new Parametric Go/No-Go (PGNG)
Task. The PGNG consists of three levels of difficulty assessing attention, set-shifting, and processing
speed, with the two more difficult levels assessing inhibitory control. A total of 63 healthy control
participants were recruited at two sites to evaluate the psychometric properties of the PGNG. The
PGNG was found to have solid parametric characteristics and strong test–retest reliability. Modest
convergent validity was also demonstrated with other executive-functioning tests. Learning effects
were significantly less than those for the Trail Making Test. The present results provide solid initial
support for the validity and reliability of the PGNG.

Introduction

Executive functioning continues to draw strong attention in clinical and research endeavors as perhaps
the most important set of skills and abilities that distinguish humans from other primates. A large body
of literature over the past century has explored executive functions, the nature of their origin, the
brain systems responsible for their emergence in man, analogs in other primates, and the situations
and conditions in which these skills might be compromised ([9]; [11]; [15]; [21]; [23]; [25]; [27]).
Executive functioning in the present paper follows a more broad definition of higher order cognitive
processes, including working memory, problem solving, behavioral regulation, and attention.
The psychometric properties of the executive-functioning measures and standardization of their
administration are well described. However, no single measure has yet emerged as the preeminent
technique for ascertaining performance in executive functioning, and only modest correlations exist
between these measures ([5]; [12]; [21]; [26]; [28]). The findings to date would tend to support
executive functioning as a multifaceted, diverse set of skills, as opposed to a general, unitary
multiprocessor ([1], [2]; [6]; [8]; [11]; [26]; [27]; [34]; [38]).
The most well-known measures of executive functioning, such as the Trail Making Test (TMT), the
Wisconsin Card Sorting Test (WCST), and the Stroop Color–Word Test (SCWT) all suffer from important
methodological and logistical problems. The TMT has relatively poor specificity ([7]; [24]), and the
WCST and SCWT have relatively poor sensitivity ([7]; [10]; [11]; [21]; [28]; [33]; [37]; [39]; [40]; [41]).
Each of these tests has limited or nonexistent alternate forms and significant learning effects that limit
or preclude valid interval measurements, which are essential for treatment studies. In addition,
traditional measures of executive functioning are not easily translated into functional neuroimaging
environments because they often require gross motor movements (e.g., writing, speech) that can
complicate and contaminate imaging measurements.

Although go/no-go (GNG) tasks have a long and rich tradition within neuropsychological assessment
([11]; [23]), they have not been well standardized or validated. Computer-based GNG measures and
simulations have emerged over the past decade, but many of these measures have poorly understood
psychometric properties or do not have published convergent validity. GNG tasks can vary greatly in
the types of stimulus, the timing of stimuli, similarity of target and nontarget stimuli, or proportion of
"go" and "no-go" items. This can include the standard green (go) and red (no-go) squares, use of letters
or numbers, or even abstract designs ([4]; [18]; [32]). Continuous performance tasks can often be
mislabeled as go/no-go tasks. Indeed, "static" go/no-go tasks, wherein the respective target and
distractor stimuli remain constant throughout the test, are virtually indistinguishable from continuous
performance tasks, which also have stable target and distractor sets throughout the task. One example
of a static go/no-go test is the Sustained Attention to Response Test (SART). This is a test wherein
subjects respond to all targets in a serial stream of numbers, with the exception of the number three,
which they are asked to refrain from responding to ([32]). In contrast, "context-based" go/no-go tasks
include a rule for changing or shifting the target and distractor stimuli during the test. Thus, the to-beinhibited distractor is dependent upon the context, or previous performance and stimuli. We propose
that context-based inhibition is a more specific measure of inhibitory control, whereby a previous
response or new instructions can result in "real-time" changes in target and distractor sets.
Our prior work with the GNG task has been largely within the neuroimaging environment ([20]; [29];
[30]). The original task was a two-target, context-based, go/no-go task, which consisted of alternating
between the targets "x" and "y" ([13]). We demonstrated that elders performed significantly more
poorly than younger adults on the attention measure (target or "go" response, measured in accuracy
and response time ([20]; [29]; [30]) and that the elders were also worse in inhibitory control ("no-go"
responses measured in errors, [29]; [30]).
The parametric GNG (PGNG) task used in the current experiment was designed in an attempt to
improve upon previous GNG tests, including both "static" and "context-based" GNG levels. First, a "go"
level (Level 1) was added to the task, in which participants respond to targets with no contextual
inhibition requirements. That is, the targets requiring a response are always the same, comparable to a
continuous performance or static go/no-go task. This static GNG task was used to help build
prepotency in responding to the target stimuli for the subsequent conditions. The addition of Level 1
also allows an estimate of impulsive responding on a static inhibition GNG task (e.g., Level 1) in
comparison with the more difficult levels. The two more challenging levels of the PGNG have
progressively increased inhibitory demands that are context based. That is, Level 2 has two targets, and
Level 3 has three targets, each with an added stipulation that a response is made only when the
current target is different from the previous target (see Methods for description).
The introduction of Level 3 to the PGNG served to prevent ceiling effects in control subjects that have
been common with Level 2 of the task, as well as reducing the ability to anticipate or guess the correct
response during the task. Thus, Level 3 may give better sensitivity to measure executive functioning in
control participants than does Level 2, and it may also better simulate in control participants the task
difficulty experienced by patient populations who exhibit poorer performance on Level 2. It might also
in the future allow a cross-level computation that attempts to control perceived task difficulty
contributions to performance, thereby better revealing group performance differences. For example, if

controls and patients differ to a lesser proportion on Level 3 than at Level 2, it would signal a
measurable contribution of perceived task difficulty that could be statistically controlled. In contrast, if
they differ by the same or to a greater proportion, it would signal little contribution of perceived
difficulty to the performances. Moreover, we recently employed this new PGNG task in a clinical
context. Psychomotor slowing and impaired inhibitory control were observed in depressed female
volunteers when compared to an age- and education-matched control group ([19]). Importantly, this
group distinction was revealed specifically on the most difficult, three-target level of the PGNG task.
The results strongly suggest that the additional level of difficulty increased the sensitivity of the task.
The current study was performed to further evaluate the convergent validity and reliability of the
PGNG. We evaluated PGNG performance in comparison with several executive functions tests in two
normal adult groups located in different areas of the country. One of those groups also returned after
a 3-week interval to be retested on the PGNG and TMT. First, we hypothesized that we would be able
to confirm the parametric difficulty manipulations intended in the task; response time was expected to
increase, and accuracy was expected to decrease across the levels of the task. The second hypothesis
was that the PGNG would correlate highly with other executive functions tasks. Specifically, Level 1
measures were expected to correlate significantly with simpler executive (SE) functioning measures—
attention and working memory (e.g., TMT, Form A, Digit Span, Digit Symbol, SCWT Word Reading,
Color Naming), while Level 2 and 3 measures were expected to correlate significantly with more
complex executive (CE) functioning measures (e.g., TMT, Form B, WCST, SCWT Color/Word condition).
The third hypothesis was that the PGNG task measures would demonstrate strong reliability over the
3-week period, comparable to that of the TMT. Our fourth hypothesis, consistent with the larger
literature on executive functioning, was that there would be learning effects for both the PGNG and
the TMT, although they were expected to be less for GNG than for TMT as part of the fifth hypothesis.

METHOD
Participants

A total of 23 participants were recruited through the University of Michigan Medical Center (UMMC)
through flyers and by word of mouth. Informed consent was obtained as approved by the UMMC
Internal Review Board. A total of 2 participants were excluded from analyses as outliers for Hypotheses
2 through 5 as determined by boxplot or histogram deviation in one of the six key response time and
accuracy variables from the PGNG task, consistent with our prior work. Of these 2 participants, 1
performed well on Levels 1 and 3 of the PGNG task (see description below) but stopped responding for
an extended period of time during Level 2. The second excluded participant exhibited a failure to
inhibit responding to lure items that may have indicated a neuropsychological deficit or a lack of
understanding of the inhibitory component of the task. A third participant was excluded from all
analyses due to poor comprehension of the task and neuropsychological test instructions, secondary to
difficulty with the English language. The remaining 14 females and 6 males had an average age of 34.6
years (SD = 11.4) and 15.6 years (SD = 2.0) on average of formal education. UMMC participants were
screened for neurological and psychological disorders using the Structured Clinical Interview for DSMIV (SCID-IV). Of the 20 participants, 19 were predominantly right handed, and none were taking
medications.

A total of 40 additional participants were recruited for course credit through Marquette University
(MU), and each gave full informed consent as approved by the Marquette University Institutional
Review Board (IRB). The participants were screened for psychological or neurological illness using a
semistructured interview ([19]; [20]; [29]). A total of 3 participants did not return for the second
evaluation, 6 were taking psychotropic medications, and 3 generated outlier data during either the first
or the second evaluation, as measured by boxplot and/or histogram deviation described above and
were excluded from analyses for Hypotheses 2 through 5. Specifically, these 3 outlier participants
performed adequately during all levels of the task at one session, but they exhibited a lack of
responding for an extended duration during a single level of the task at the other session (Level 2, Time
2 for 2 participants; Level 3, Time 1 for the other). This suggested that these participants were able to
perform each level of the task but they became confused or had inconsistent attention or motivation
to perform for a period of time. Inclusion of the 6 participants taking psychotropic medications did not
change any of the analyses, but they are omitted due to potential medication effects on cognitive
performance. Thus, 28 participants (7 female, 21 male) were retained for analysis. The average age of
the participants was 18.9 years (SD = 0.96), and the average years of formal education was 12.9
(SD = 0.89).

Tasks
PGNG
The Parametric Go/No-Go task consists of three separate tasks, hereafter referred to as "levels," which
are completed in order of ascending difficulty. For all three levels, a serial stream of letters is
presented (black letter in 40-point Times font on a white background computer screen), each letter for
500-ms intervals with a 0-ms interstimulus interval. Responses were made as quickly as possible using
the index finger of the preferred hand by keypress on a designated computer keyboard key (letter "n").
Level 1, the three-target, static-inhibition, go level, is designed to build and sustain prepotent
responding to the set of target letters (here "x," "y," and "z," see Figure 1). The participant responds to
the target letters each and every time they appear, regardless of order. Because the participant
responds to the targets every time they appear, prepotency is built for responding to these stimuli,
regardless of context. This level measures attention and response time and was considered a simple
executive-functioning measure. Percentage correct target trials (PCTT—sustained attention and set
maintenance) is computed by dividing the correct target responses by the total number of possible
target responses for the respective level of the task. Reaction time to targets (RTT—simple processing
speed) is the average response time for correct targets for all levels of the task.

Figure 1. Illustration of the three difficulty levels of the Parametric Go/No-Go Task (PGNG).

In Level 2, the two-target context-based, go/no-go level, participants are required to respond to the
target letters ("x" and "y") each time they appear, in alternation or nonrepeating order ("z" is omitted
from this task as a target or distractor). For example, this "nonrepeating rule" stipulates that once the
participant responds to the target "x," the working-memory (WM) target set is "y," and for lures
(targets to inhibit or WM inhibit set) it is "x." After they respond to a "y," then the set is shifted such
that the WM target set is "x," and the WM inhibit set is "y." The task is designed so that only two
targets need to be tracked, and the participant is instructed to start over if they become confused
about the current WM target or inhibit set. Because there are only two targets to track in alternation,
some success can be obtained by a strategy of anticipation, or remembering only the to-be-responded
item. Level 2 measures sustained attention and set shifting (PCTT), response inhibition (percentage
correct inhibitory trials, PCIT), and complex processing speed (RTT). building upon the skills evident in
Level 1. PCIT is computed by dividing the total number of correct inhibitory trials by the total number
of potential inhibitory trials for Levels 2 and 3, respectively.
In Level 3, the three-target, context-based go/no-go level, in contrast, decreases the ability to
anticipate the next correct response by adding an additional target to the WM target set. For example,
as the targets are "x," "y," and "z," after each target response (say "x"), the other two targets become
part of the WM target set ("y," "z"), and "x" is in the WM inhibit set. After responding to "z," then the
WM target set ("x," "y") shifts as does the WM inhibit set ("z"). Level 3 requires sustained attention,
response inhibition, and set shifting, much as Level 2. The same nonrepeating rule is in effect.
However, by reducing the ability to correctly anticipate the next response and increasing the WM
target set, the difficulty level is substantially greater than Level 2. Level 3 was added to remove ceiling
effects in performance of young, healthy adults (see previous work— [19]; [20]; [29]) and to
parameterize the GNG task. Level 2 and 3 measures from the PGNG were intended to assess more
complex executive (CE) functioning skills and context-based inhibition.

Trail Making Test
The Trail Making Test Forms A through D were used as a convergent assessment of another, similar
measure of attention, set shifting, and executive functioning ([31]). The alternate forms were always
administered A,B (Time 1) then C,D (Time 2) in line with previous research showing more pronounced
practice effects if the order is reversed ([22]). Dependent measures include time to completion for the
simple attention and visual tracking task (Forms A, C; SE measure) and for the visual tracking, complex
attention, and set shifting task (Forms B, D; CE measure).
Wisconsin Card Sorting Test
The Wisconsin Card Sorting Test (WCST) is a classic measure of conceptual reasoning, set shifting, and
preservative behavior. The version administered included 64 cards that can be sorted by one of three
possible categories ([16]). The "set" is changed through feedback from the examiner. Number of
correct categories and number of perseverative responses (using the same incorrect sorting strategy
despite negative feedback) were the dependent variables for the WCST as CE measures.
Stroop Color–Word Test
The Stroop Color–Word Test (SCWT) is another measure of executive functioning that assesses
response interference and/or inhibitory control ([14]; [36]). The SCWT consists of three different levels,
with the same general instruction of either reading words (Word) or naming colors (Color,
Color/Word). Each stimulus card consists of five columns of 20 stimuli. In the word level, the
participant reads the words aloud in succession as rapidly as possible over 45 s. For the Color and
Color/Word conditions, the participant states the color of ink that the stimulus is printed in, again as
many colors as rapidly as possible over 45 s. The Color condition is easier than the Color/Word
condition, because the stimuli ("XXXX") do not interfere with color naming. In the Color/Word
condition the stimulus will have a semantic meaning (the word "red"), but it will be printed in blue or
green ink, resulting in response interference and slower naming times. Each raw score is converted to a
T score using age-corrected norms. The Color–Word T score (SCWT-CWT) was used as the optimal
measure of interference resolution (CE), while Word and Color T scores (Word T and Color T) were
included as measures of attentional control and processing speed (SE).
Digit Symbol and Digit Span
The Digit Symbol and Digit Span subtests of the Wechsler Adult Intelligence Scale-III were included as
measures of visual and verbal working memory, respectively, which are often subsumed under the
executive-functioning construct ([1]; [42]). Digit Symbol (SE) requires rapid visual search and matching
skills of numbers with symbols. Digit Span (SE) includes both forward digit repetition and backward
digit reordering. Dependent variables for these tests are age covaried scaled scores (mean = 10,
SD = 3).
Synonym Knowledge Test
The Synonym Knowledge Task (SKT, based on [35]) was used to estimate verbal intelligence and a
nonexecutive (NE) functioning task. For the SKT, participants were presented with a word and then
asked to choose which one of another four possible words was most similar in meaning to the word
first presented. Each of the 40 trials were 9 to 11 s long (longer response times were allocated for
more difficult words) and was repeated (with a cue) until the participant provided a response. There
was no penalty for guessing.

Procedure

Participants completed informed consent and then completed the experimental tasks on a laptop
computer in a research laboratory using SuperLab (Version 2.0). Traditional neuropsychological
measures were also administered in standardized format (e.g., TMT). Each participant was tested
individually. Instructions were given verbally by experimenters and through the computer program (for
PGNG and SKT). UMMC participants completed the PGNG and executive-functioning tests in a standard
order (WCST, TMT, Digit Span, SCWT, Digit Symbol, PGNG, then SKT). MU participants completed the
PNG and a more limited set of tests, also in a standard order (SKT, PGNG, TMT). MU participants
returned for a second evaluation 3 weeks (±2 days) from the initial examination and completed the
same tests in the same order, using alternate forms for the TMT (Forms C, D).

RESULTS

All statistical analyses were performed using SPSS (Version 13). Differences in demographic variables
between the MU and UMMC groups were assessed using t tests. As noted, the MU and UMMC groups
were recruited from different cohorts; the MU group was composed of undergraduate students
receiving course credit, and the UMMC group was composed of research volunteers receiving
payment. The UMMC group was significantly older, t(49) = −6.16, p = .0001, had higher estimated IQ,
t(49) = −3.49, p = .001, had significantly more years of formal schooling, t(49) = −5.69, p = .0001, and
were more likely to be female, X(49) = 8.24, p = .004.
A parametric effect of different levels of difficulty was predicted for the PGNG task for Hypothesis 1.
Figure 2 illustrates increasing difficulty in the attention and set-shifting accuracy (PCTT) and inhibitory
control (PCIT) measures with increasing task difficulty for both groups. In other words, poorer accuracy
and slower response times (see below, Figure 3) were observed as the levels proceeded from Level 1
(sustained attention, set maintenance; SE) to Level 2 (sustained attention, response inhibition, set
shifting, and possibly anticipation; CE) to Level 3 (sustained attention, response inhibition, more
difficult set shifting; CE). There was no difference between groups in PCTT performance, nor was there
an interaction between group and PGNG level, F(1, 50) = 1.23, p = .30, E2 = .048). The effect for level of
the PGNG using PCTT as the dependent variable was significant, F(1, 50) = 16.3, p <.0001, E2 = .399; it
was also significant for both groups individually, MU, F(2, 56) = 13.7, p <.001, E2 = .33, and UMMC, F(2,
36) = 10.4, p <.0001, E2 = .37, as predicted.

Figure 2. Accuracy for all three levels of the Parametric Go/No-Go Task (PGNG) task for both Marquette
University (MU) and University of Michigan Medical Center (UMMC) participant groups, demonstrating the
increasing difficulty across levels of the task.

Figure 3. Response time for all three levels of the Parametric Go/No-Go Task (PGNG) for both Marquette
University (MU) and University of Michigan Medical Center (UMMC) participant groups, demonstrating slower
response time in Level 3 than in Levels 1 and 2 of the PGNG.

The main effect for level of the PGNG using PCIT as the dependent variable was significant, F(1,
50) = 25.17, p <.0001, E2 = .335, whereas the main effect for group, F(1, 50) = 1.65, p = .21, E2 =.032, and
the interaction between level and group, F(1, 50) = 0.02, p = .90, E2 <.001, were not significant. The
effect for level using the PCIT was significant for each group separately; MU, F(1, 28) = 13.7, p <.001,
E2 = .33, and UMMC, F(1, 18) = 10.9, p <.004, E2 = .38, as anticipated.
Figure 3 shows increasing RTT with increasing difficulty, and again there were no differences between
groups, F(1, 50) = 0.14, p = .72, E2 = .003;. As with the PCTT and PCIT dependent variables, the main
effect for level, F(1, 50) = 90.93, p <.0001, E2 = .788, was significant, whereas the interaction between
level and group, F(1, 50) = 1.11, p = .34, E2 <.043, was not significant. The effect of level using the RTT
was also significant for both the MU group, F(2, 56) = 13.7, p <.001, E2 = .33, and the UMMC group, F(2,
36) = 24.0, p <.0001, E2 = .57), as expected.
Parametric effects of the PGNG were further assessed using post hoc t tests. Level 3 of the PGNG was
more difficult than Level 2: PCTT, t(52) = −2.27, p = .028; PCIT, t(52) = −5.07, p <.0001; and RTT,
t(52) = −11.01, p <.0001, and compared to Level 1: PCTT, t(52) = −5.37, p <.0001, and RTT,
t(52) = −12.77, p <.0001. Performance for Level 2 was poorer than that for Level 1 using PCTT,
t(52) = −2.31, p = .025, but not for RTT, t(52) = −0.44, p = .66.
A post hoc test was computed to determine any effects of anticipation in Level 2 for the PGNG that
might not be present in Level 3. Posttest interviews indicated that often participants would only
concentrate on the next correct target in the Level 2 condition, which we refer to as anticipation,
similar to priming. This test was conducted to ascertain whether anticipation effects might explain the
lack of a response time cost between Levels 1 and 2 of the PGNG. To do so, response times for targets
were divided in quartiles for Levels 1–3 (e.g., Stimulus Trials 1–15, 16–30, etc., within each level of the
PGNG task). If anticipation develops over time (i.e., as trials progress) in Level 2 and not in Level 3, then
the response times should become more rapid over the length of the task for Level 2 but not for Level

3. Figure 4 illustrates median response times for each of the four quartiles for each of the level of the
task. These were analyzed using a repeated measures multivariate analysis of variance (MANOVA) with
quartile and level as the within-subject variables and median response time as the dependent variable.
Importantly, the interaction between level and quartile was significant, F(6, 288) = 17.91, p <. 0001,
E2 = .272. Like the prior MANOVAs comparing response times over each level, the effect of level was
significant, F(2, 96) = 57.76, p <. 0001, E2 = .542. The effect of quartile was also significant, with slower
response times in later quartiles, F(3, 144) = 21.75, p <. 0001, E2 = .312. Post hoc t tests show that the
fourth quartile was slower than the first quartile for Level 1, t(51) = 9.42, p <.0001, Mdiff = 56.7,
SD = 43.4, and Level 3, t(51) = 2.71, p <.009, Mdiff = 22.5, SD = 59.4, but not for Level 2, t(451) = −1.00,
p = .32, Mdiff = −7.6, SD = 54.9. Response times improved (about 10 ms) as the participants proceed
from the first to the fourth quartile of Level 2 of the PGNG, if not significantly so.

Figure 4. Median response time in quartiles for the three levels of the Parametric Go/No-Go Task for both
Marquette University (MU) and University of Michigan Medical Center (UMMC) participant groups.

Dependent measures from the PGNG as they correlated with the various executive functions tests are
presented in Table 1, which was used to assess Hypothesis 2. The first part of this hypothesis was that
Level 1 measures would be significantly correlated with SE measures (Digit Span, Digit Symbol, TMT
Form A, SCWT Word and Color conditions), more so than with CE measures (WCST variables, TMT Form
B, SCWT Color/Word condition). For Level 1 PGNG variables, 3 of the 10 (30%) correlations with SE
measures and 0 of 8 (0%) correlations with CE measures were significant. For Level 2 and 3 measures, 4
of 30 (13.3%) correlations with SE measures and 10 of 24 (41.7%) correlations with CE measures were
significant. As such, 13 of 34 (31.3%) correlations were significant in the expected direction
(hypothesized PGNG SE to SE and hypothesized PGNG CE to CE), compared with 4 of 38 (10.5%)
correlations that were in the less preferred direction (e.g., hypothesized PGNG SE to CE, or vice versa).
More importantly, 0 of 8 correlations between Level 1 through 3 PGNG variables and SKT were
significant; this was included for purposes of divergent validity (see Table 1).
TABLE 1 Correlations at Time 1 between the Parametric Go/No-Go Test variables and other executivefunctioning tests
RTT
PCTT PCIT
Test and variable/ level of
n 1-SE 2-CE 3-CE 1-SE
2-CE 3-CE 2-CE 3-CE
PGNG task
Simple executive (SE)

Digit Span SS
Digit Symbol SS
TMT-A Time
SCWT Word T
SCWT Color T
Complex executive (CE)
SCWT Color/Word T
WCST correct
WCST perseverative errors
TMT-B Time
Nonexecutive
SKT (% correct)

20
20
48
20
20

−0.19
−0.38
0.34
−0.27
−0.14

−0.24
−0.23
0.16
−0.24
0.05

−0.15
−0.18
0.44
−0.19
−0.10

0.31
0.49
−0.26
0.48
0.38

0.20
0.33
−0.13
−0.01
0.23

0.24
0.19
−0.16
0.14
0.23

0.51
0.39
−0.25
0.30
0.31

0.16
0.46
−0.01
0.47
0.30

20
20
20
48

−0.33
0.03
0.14
0.12

−0.24
0.26
−0.20
−0.05

−0.08
0.20
−0.10
0.05

0.30
0.21
−0.29
−0.25

0.48
0.39
−0.45
−0.38

0.43
0.47
−0.50
−0.28

0.48
0.40
−0.43
−0.39

0.25
0.22
−0.22
−0.19

−0.11

0.15

0.28

0.02

0.12

45 –0.06 −0.01 0.18

Note. Executive-functioning tests are designated separately by the relatively simple and more complex executive
functions that they are proposed to measure. PGNG=Parametric Go/No-Go Test; SE=relatively simple executive
functions; CE=more complex executive functions; RTT=response time to targets; PCTT=percentage correct target
trials; PCIT=percentage correct inhibition trials; 1=PGNG Level 1; 2=PGNG Level 2; 3=PGNG Level 3;
WCST=Wisconsin Card Sorting Test, TMT=Trail Making Test, SCWT=Stroop Color–Word Test, T=T score,
SS=scaled score; SKT=Synonym Knowledge Test. TMT-A, TMT-B, and SKT were assessed in all participants from
both participant pools at Time 1; the remaining tests were administered only to the UMMC participant pool. *p
< .05. **p < .01.

To determine test–retest reliability for Hypothesis 3, correlations were computed comparing the first
and second test performances on the PGNG and TMT using the MU participants. As can be seen in
Table 2, PGNG dependent measures were significantly correlated from Time 1 to Time 2, with all test–
retest correlations ranging from r = .57 (p <.001) to r = .83 (p <.0001) except PCTT for Level 1, due to
ceiling effects; r = –.11, p = .59. Test–retest correlations for TMT-A,C time (r = .81, p <.0001) and TMTB,D time (r = .84, p <.0001) were also significant. Test–retest correlations for the SKT are included for
comparison purposes (r = .62, p <.0001).
TABLE 2 Test–retest correlations and effect sizes for the Parametric Go/No-Go Task, Trail Making Test,
and Synonym Knowledge Task
Variable
Test
Time 1
Time 2
r
p
D
Level 1
RTT
441.7 (33.6) 430.3 (37.5) .73
.0001 .32
PCTT
98.1 (3.5)
98.7 (2.6)
−.11
.59
.20
Level 2
RTT
432.7 (34.8) 425.5 (38.1) .81
.0001 .20
PCTT
96.5 (5.2)
98.6 (2.6)
.73
.0001 .54
PCIT
78.9 (17.8)
86.5 (15.1) .63
.001 .46
Level 3
RTT
504.4 (49.5) 495.1 (47.3) .83
.0001 .19
PCTT
90.5 (6.8)
93.6 (4.5)
.71
.001 .55
PCIT
64.8 (17.5)
74.9 (14.6) .57
.001 .63
TMT
Time, Form A, C 25.4 (7.7)
20.8 (6.2)
.81
.0001 .66
Time, Form B, D 55.6 (13.8)
45.2 (12.4) .84
.0001 .79
SKT
% correct
65.1 (10.3) 67.3 (10.3) .62
.0001 .21
Note. N=28 for all values (Marquette University, MU, sample). D=effect size for the 3-week interval;
RTT=response time to targets; PCTT=percentage correct target trials; PCIT=percentage correct inhibition trials;
Level 1=3-target go; Level 2=2-target go/no-go; Level 3=3-target go/no-go; TMT=Trail Making Test;

SKT=Synonym Knowledge Test. aMean (SD in parentheses). b This correlation was limited by a ceiling effect,
which restricted the distribution range of the PCTT variable at Times 1 and 2. *Significant learning effects from
Time 1 to Time 2, p < .05.

Learning (i.e., practice) effect sizes were also computed for PGNG and TMT, using the MU sample to
verify the well-known learning effects in executive-functioning tests—Hypothesis 4. Learning effect
sizes were also computed for the SKT for comparison. Large effect sizes for practice were evident for
TMT B–D (D = .79), moderate effect sizes were present for TMT A–C, Level 3 PCTT and Level 2 and Level
3 PCIT (Ds = .66,.50,.47, and.55, respectively). Small and very small effect sizes were present for all
other PGNG variables and the SKT (see Table 2).
To test whether practice effects would be significantly greater for TMT than for the PGNG (Hypothesis
5), practice effects were compared statistically for TMT A–C and B–D, as well as the respective Time 1
and Time 2 measures from the PGNG. Change z scores—(Time 2 percentage correct – Time 1
percentage correct)/mean standard deviation or (Time 1 response time – Time 2 response time)/mean
standard deviation—were computed for each measure. Change scores were compared for TMT change
for A–C and B–D with each of the matching change scores from the PGNG measures. TMT A–C change
scores were significantly greater than change scores for two of eight PGNG measures (ps <.05), RTT for
Levels 2 and 3 of the PGNG (p = .005 and.003, respectively). TMT B–D change scores were significantly
greater than four of eight PGNG change scores, the three RT measures from the PGNG, and the Level 2
PCTT (ps <.04).

DISCUSSION

The present results provide good support for the convergent validity and test–retest reliability of the
Parametric Go/No-Go Task. As intended, the PGNG emulated a parametric design. It should be noted,
however, that the stepwise increase in difficulty was not uniform. There were relatively smaller
differences between Level 1 and Level 2 for response time and accuracy than between Level 2 and
Level 3. The differences between Level 2 and Level 3 were marked for all three behavioral indices.
Importantly, the increase in response time from Level 2 to Level 3 suggests increased processing time
in checking working memory for a correct "hit." This is consistent with reducing the possibility of both
anticipation and guessing of the correct response. Further, there was a slight (about 10 ms) but
nonsignificant improvement in response time as the participant progressed through Level 2 of the
PGNG, possibly because of anticipation of the next correct response. This ability to anticipate is not
present in Level 1 or Level 3 of the PGNG, where the working-memory target, or "Go" set, is larger than
one item.
The PGNG was also reasonably well correlated with a number of executive-functioning tasks. We had
intended for more simple executive-functioning measures to correlate best with PGNG Level 1
measures, whereas we expected more complex measures of set shifting, inhibitory control, and
problem solving to more significantly correlate with PGNG Level 2 and Level 3 measures. By and large
this distinction was evident. Further, as expected, an estimate of synonym knowledge was not
significantly correlated with the PGNG measures. These patterns support the inclusion of the Levels 2
and 3 variables within the category of complex executive-functioning measures, as distinguished from
the Level 1 measures, which correlated better with simple executive measures. The sample size

precluded the use of a multiple correlation correction for the family-wise error rate, thereby limiting
interpretation to some degree. However, the number of significant correlations between traditional
executive-functioning measures and the PGNG variables was consistent with expectations and across
measures, thus providing a comfortable degree of confidence in these conclusions.
Future studies with larger samples are desirable to enable factor analysis of these executivefunctioning tests along with the PGNG. We have separated, on a theoretical basis, the three
performance indices derived from the PGNG into attention (PCTT), psychomotor speed (RTT), and
inhibitory control constructs (PCIT), to be consistent with prior models that view executive functions as
multiple processes rather than as a single "uniprocessor" ([8]; [26]). The PGNG Level 2 accuracy and
inhibitory control measures were significantly correlated with Trail Making B. Both tasks share a setshifting/alternation paradigm from one set to another. The attention and inhibitory components of the
PGNG diverged more cleanly in Level 3, and these measures tended to also correlate better with
performance on the Wisconsin Card Sorting Test. Both the PGNG and the WCST include more complex
problem solving and shifting amongst three possible sets, although shifting is more frequent in the
PGNG. It was notable that Level 3 inhibitory control (PCIT) did not correlate significantly with the other
traditional CE measures. Although these correlations were in the expected direction, we believe this
lack of correlation is likely due to the limitations of the sample size and, moreover, the fact that PGNG
Level 3 is more difficult than the other traditional executive measures employed. Part of the purpose of
development of the PGNG was to establish a CE task that would have the sensitivity to detect
individual differences in executive functioning in healthy, young adults. The lack of correlation at Level
3 may reflect this sensitivity of the PGNG that traditional measures do not capture. This contention will
need to be evaluated with larger scale future studies.
The PGNG, along with the TMT, also demonstrated strong test–retest reliability over a 3-week interval
as support of Hypothesis 3. This was true for each measure except for Level 1, which is most similar to
a continuous performance task and includes more static inhibition. The range of performance scores
on Level 1 was very limited and thus not normally distributed. However, performance was largely
stable over the 3-week interval. Importantly, the 3-week test–retest interval employed in the study is
an aggressive interval for assessing any practice effects as compared with those typically employed for
assessing practice or learning effects (e.g., 3 or 6 months, [3]; [17]).
Because many neuroimaging and treatment studies require cognitive measures that have alternate
forms or low practice effects, determining the practice effects inherent in the PGNG is essential to
determining its usefulness for these types of study. For comparison, we chose the TMT: a measure of
executive functioning with similar set-shifting patterns and more modest practice effects than those of
the Wisconsin Card Sorting Test or the Stroop Color–Word Test. In addition, our prior work with
healthy elder adults showed significant relationships between Level 2 measures and the TMT measures
([20]). As expected, both groups exhibited practice effects, which is a common shortcoming of
executive-functioning tests. In fact, some argue that these types of test can only be administered once,
as with the Wisconsin Card Sorting Test and Stroop Color–Word Test, where strategy development is a
key component of the test and, once developed, is not easily forgotten ([3]). The TMT and PGNG have
potentially similar limitations. The TMT does have equivalent alternate forms, which reduces some of
the learning effects ([22]). The PGNG was designed to have varying levels of difficulty, where the

concept could be quickly learned without affecting initial learning. As a result, the concept or strategy
development component of the task is designed to be minimal and thereby to reduce this component
from the practice effects.
In direct comparison, participants exhibited larger learning effects for the TMT than for the PGNG.
Attention-related target response measures for the PGNG were most susceptible to learning effects,
while response time measures were more immune to practice effects. This pattern of performance
suggests that in the initial performance, participants rarely sacrificed speed for accuracy, and on retest,
while they were able to improve accuracy, they were not able to increase their speed of response. This
pattern might be particularly useful in modeling treatment effects for pharmacological or other
intervention studies. Changes in response time on the PGNG might be more sensitive to treatment
than other commonly used executive-function measures, if practice effects are less pronounced as
demonstrated here.
The relatively high outlier rate for the control participants in the PGNG is a potential weakness of the
measure. A total of 6 participants (of 63) were excluded from most analyses. First, 1 participant had
insufficient skills in English to fully comprehend the tests. The other 5 outliers were due to
performance difficulties (7.9% of the sample). Of those 5, 1 exhibited a clear failure to inhibit
responding, which may have been due to a neuropsychological deficit or to lack of comprehension of
the task. The other 4 outliers (6.3% of the sample) are more problematic. Each individual exhibited
successful performance of the task at Level 1 and Level 3 (i.e., easiest and most difficult), but they also
exhibited a failure to respond for an extended period of time during one level of the task. Indeed, in
the sample that was tested twice, each participant performed all levels of the task completely and
adequately on one of the two occasions. The PGNG task was designed to challenge healthy control
participants with progressively increasing difficulty. However, one untoward byproduct of this strategy
may be increasing the probability of outliers due to periodic loss of attention or motivation to perform,
or to the onset of confusion about the response set during a task level. Notably, poor performance was
not significantly correlated with estimated verbal IQ from the Synonym Knowledge Test, suggesting
that the effect is specific to the functions measured by, or the conditions associated with, the PGNG
task. We conclude therefore, that the examiner must be particularly diligent in giving instructions for
each level of the task, and that future versions of the task need a feedback mechanism to stop the task
and reinstruct participants who fail to respond for more than a few consecutive trials. The affected
level can then be restarted giving a more accurate indication of the participant's optimal performance
on the task.
In summary, the present study was designed to explore some of the psychometric properties of the
Parametric Go/No-Go Task. While go/no-go types of tasks have often been used in clinical and
neuroimaging studies, data examining their validity and reliability are relatively sparse in comparison
to standard neuropsychological tests. While the sample sizes for the current study were modest,
results indicated that the Parametric Go/No-Go Task can be successfully completed by adults from a
wide range of ages and ability levels, that it is reliable and susceptible to only modest practice effects,
that it measures inhibitory control while also preventing substantive ceiling and anticipation effects,
and that it has modest convergent validity with other executive function tests.
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